Coarse-grained molecular dynamics study of cyclic peptide nanotube insertion into a lipid bilayer.
Coarse-grained (CG) molecular dynamics (MD) simulations are performed to study the insertion of cyclic peptide nanotubes into cell membranes and to examine whether cyclic peptide nanotubes can function as an ion channel and thereby as an antibacterial agent. To do so, the two coarse-grained (CG) models for lipid molecules and for proteins developed by Marrink et al. (J. Phys. Chem. B 2004, 108, 750) and by Shih et al. (J. Phys. Chem. B 2006, 110, 3674), respectively, were extended and modified. These CG models were verified by performing CG MD and all-atom (AA) MD simulations for a cyclic peptide nanotube, 8 x cyclo[(-d-Ala-l-Glu-d-Ala-l-Gln-)2], in water and by comparing the results from the two simulations. Comparison between static and dynamic (water transport) properties obtained from both simulations shows good agreement. To study nanotube insertion, a CG cyclic peptide nanotube, 8 x cyclo[(-Trp-d-Leu-)4], was prepared above the surface of a CG DPPC lipid bilayer, restrained with constraints, and equilibrated, and then a series of CG MD simulations were carried out by lifting the constraints imposed on the nanotube. The CG MD simulations show that the cyclic peptide nanotube spontaneously inserts into and reorients inside the lipid bilayer. After insertion, the long axis of the cyclic peptide nanotube is aligned approximately perpendicular to the bilayer plane indicating that the nanotube can function as an ion channel and as an antibacterial agent. Tilt structures of the cyclic peptide nanotubes inside the lipid bilayer are found to be in agreement with experiment and earlier AA simulations. Lipid flip-flop, a migration of lipid molecules from one leaflet to the other leaflet of the lipid bilayer, is also observed from the CG MD simulations. Finally, the CG MD simulations reveal that a lipid headgroup can be inserted into the cyclic peptide nanotube. This process is confirmed by an AA MD simulation.